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$C$ (OWES)




$X$ $R^{n}$ $C\subset R^{n}$ $L(C):=C\cap(-C)=\{0\}$
$X$ $C$
21[ 1
$x\in X$ $X$ $C$
$\# y\in X$ s.t. $y-x\in$ int $C$.
int $C$ $C$ $X$ $C$ $X_{wc}$
(OWES) $\{\begin{array}{ll}minimize f(x)subject to x\in X_{we}.\end{array}$
(OWES)
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(Al) $f:R^{n}arrow R$
(A2) $X:=\{x\in R^{n}:p_{j}(x)\leq 0, i=1, \ldots, t\}$ $Pj$ : $R^{n}arrow R,$ $i=1,$ $\ldots,$ $t$ ,
$pj(O)<0$
(A3) argmin$\{f(x) : x\in R^{n}\}=\{0\}$
(A4) $\langle d,$ $d\rangle=1$ $y\in C\backslash \{0\}$ $(d,$ $y\rangle>0$ $d\in$ int $C$
{., $\cdot$ $\rangle$
$p(x)$ $;= \max J=1,\ldots,tp_{j}(x)$ (A2) $X=\{x\in R^{n} :p(x)\leq 0\}$
(A4) int $C\neq\emptyset$ $X_{we}$
21.
int $C\neq\emptyset$ $X_{we}=X\backslash$ int $(X-C)$
int $C\neq\emptyset$ $X,$ $C$ (Tanaka
and Kuroiwa [2] $)$ .
int $(X-C)= \bigcup_{x\in X}$ int $(x-C)$ .
$\bigcup_{x\in X}$ int $(x-C)= \bigcup_{x\in X}$ ( $x$ –int $C$) $=X$ –int $C$
int $(X-C)=X$ –int C. (1)
$x\in X_{we}$ $x\not\in X\backslash$ int $(X-C)$ $x\in X_{we}$
$x\in X$ $x\in$ int $(X-C)$ (1)
$y\in X$ s.t. $x\in y-$ int $C$
$y\in X$ s.t. $y-x\in$ int $C$
$x\in X_{we}$ $x\in X\backslash$ int $(X-C)$
$X_{we}\subset X\backslash$ int $(X-C)$
$x\in X\backslash$ int $(X-C)$ $x\not\in$ int $(X-C)$ (1)
$\not\in y\in X$ st. $x\in y$ -int $C$
$\# y\in X$ s.t. $y-x\in$ int $C$
$x\in X_{we}$ $X_{we}\supset X\backslash$ int $(X-C)$ $X_{we}=$
$X\backslash$ int $(X-C)$
$X$ 21 $X_{we}$ (OWES)
(OWES) $\min$ (OWES) $x\in X_{we}$
$f(x)<+\infty$ $\min$ (OWES) $<+\infty$
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$X$ $\delta$ (OWES)
(MP) $\{\begin{array}{ll}minimize g(x):=f(x)+\delta(x|X)subject to x\in R^{n}\backslash int (X-C).\end{array}$
$\delta(x|X):=\{\begin{array}{ll}0 if x\in X,+\infty if x\not\in X.\end{array}$
(MP)
$(DP)\{\begin{array}{l}maximize g^{H}(u)subject to u\in(X-C)^{o}.\end{array}$
$(X-C)^{o}$ $X-C$ $(X-C)^{o}:=\{y\in R^{n}$ : $(x,$ $y\rangle\leq 1,$ $x\in X-C\}$
$g^{H}$
$g$
$g^{H}(u):=\{\begin{array}{ll}-\sup\{g(x):x\in R^{n}\} if u=0,-\inf\{g(x):(u,x)\geq 1\} if u\neq 0.\end{array}$
$0\in$ int $(X - C)$ $(X-C)^{o}$
$g^{H}$ (DP)
(MP) $\min$ (MP), (DP) $\max$ (DP) (MP)
(OWES) $\min$ (MP) $= \min$ (OWES) $<+\infty$ (MP), (DP)
$\min$ (MP) $=- \max$ (DP) (Konno, Thach and TUy [1], Thach, Konno and
Yokota [3] $)$ .
3
(P) $\{\begin{array}{ll}minimize g(x)subject to x\in R^{n}\backslash int (S-T).\end{array}$
$S$ $T$ $S\subset X$ . $T\subset C$ $0\in$ int $(S-T)$
$R^{n}\backslash$ int $(S-T)\supset R^{n}\backslash$ int $(X-C)$ (P) (MP)
$g$ (P) $x\in X\backslash$ int $(S-T)$ $f(x)$
$R^{n}\backslash$ int $(S-T)\supset X\backslash$ int $(X-C)=X_{we}\neq\emptyset$ $X\backslash$ int $(S-T)$
$X\backslash$ int $(S-T)$ (P) (P) $\min(P)$
(P) (MP) $\min(P)\leq\min$ (MP) $<+\infty$
(P)
(D) $\{\begin{array}{l}maximize g^{H}(u)subject to u\in(S-T)^{\text{ }}\text{ }\end{array}$
$S-T\subset X-C$ $(S-T)^{O}\supset(X-C)^{o}$ (D) (DP)
$S-T$ $0\in$ int $(S-T)$ $(S-T)^{o}$
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(D) $(S-T)^{o}$ $(S-T)^{o}$ (D)
(D) $\max(D)$ (D) (P)
(DP) $\max(D)=-\min(P)\geq-\min$ (MP) $= \max$ (DP) $>-\infty$
(Konno, Thach and Tuy [1], Thach, Konno and Yokota [3]). $g^{H}$ $g^{H}(0)=-\infty$
$0$ (D) (D) $V((S-T)^{o})\backslash \{0\}$
$V((S-T)^{o})$ $(S-T)^{o}$ $T$
$U:=\{x\in R^{n};\langle x, x\rangle=1\}$ $E(T)$ $E(T)$
$T=\{x\in R^{n}$ : $x= \sum_{y\in E(T)}\lambda_{y}y,$ $\lambda_{y}\geq 0\}$
$(S-T)^{o}=S^{O}\cap(-T)^{o}$
$=\{u\in R^{n}:\langle u, z\rangle\leq 1\forall z\in V(S), \langle u, y\rangle\leq 0\forall y\in-E(T)\}$ .
3.1. (Yamada, Tanino and Inuiguchi [4])
$v\in V((S-T)^{o})\backslash \{0\}$ $v\not\in$ int $x\circ$ .
$v\in V((S-T)^{o})\backslash \{0\}$ $x^{v}$
$(SP(v))\{\begin{array}{ll}minimize f(x)subject to x\in X\cap\{x\in R^{n}:\langle v, x\rangle\geq 1\}.\end{array}$
31 (SP$(v)$ )
$g^{H}(v)=- \inf\{g(x) : \langle v, x\rangle\geq 1\}$
$=- \inf\{f(x)$ : $(v,x\rangle\geq 1,$ $x\in X\}$
$=- \min(SP(v))$
$=-f(x^{v})$ .
$\min(SP(v))$ (SP$(v)$ ) $f(x^{\hat{v}})= \min\{f(x^{v}):v\in V((S-$
$T)^{o})\backslash \{0\}\}$ $\hat{v}\in V((S-T)^{o})\backslash \{0\}$ (D) $x^{\hat{v}}$ (P)
(Konno, Thach and Tuy [1], Thach, Konno and Yokota [3]).
4
(MP) $B:=$
$(-C)\cap\{y\in R^{n}:\langle-d, y\rangle=1\}$ (A4) $B$
IAM
$0$ .
$S_{1}\subset X$ $0\in$ int $S_{1}$ $S_{1}$ $B_{1}\subset B$ $-d\in$ ri $B_{1}$
$B_{1}$ ri $B_{1}$ $B_{1}$ $T_{1}$ $:=-$cone $B_{1}$ ,
$T_{1}:=-\{x\in R^{n}:x=\lambda y, y\in B_{1}, \lambda\geq 0\}$ $V((S_{1}-T_{1})^{o})$ ,
$V(B_{1})$ $V((S_{0}-T_{0})^{o}):=\{0\}$ $k=1$ 1
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1.
$v\in V((S_{k}-T_{k})^{o})\backslash \{0\}$ $(SP(v))$ $x^{v}$
$f(x^{v^{k}})= \min\{f(x^{v}):v\in V((S_{k}-T_{k})^{o})\backslash \{0\}\}$ $v^{k}\in V((S_{k}-T_{k})^{o})\backslash \{0\}$
$x(k):=x^{v^{k}}$ 2
2.
$z^{k}\in$ arg min$\{\phi(x;v^{k}) :x\in R^{n}\}$ . $w^{k}\in$ $\arg\max\{(v^{k},$ $y\rangle$ : $y\in B\}$
$\phi(x;v^{k})$ $:= \max\{p(x), -\langle v^{k}, x\rangle+1\}$ $M_{k}$ $:=\{y\in V(B_{k}) : (v^{k}, y)=0\}$
2-1. $\phi(z^{k};v^{k})=0$ 2-2 2-3
2-2. $\langle v^{k},$ $w^{k}\rangle\leq 0$ $x(k)$ (MP)
$S_{k+1}:=S_{k}$ 2-4
2-3. $S_{k+1}:=$ co $(S_{k}\cup\{z^{k}\})$ 2-4 co $(S_{k}\cup\{z^{k}\})$
$S_{k}\cup\{z^{k}\}$
2-4. $M_{k}=\emptyset$ 2-4-1 2-4-2
2-4-1. $B_{k+1}:=B_{k},$ $V(B_{k+1}):=V(B_{k})$
2-42. $B_{k+1}:=$ co $(B_{k}$ $\{w^{k}\})$ $V(B_{k+1})$
2-5
2-5. $C_{k+1}$ $:=$ -cone $B_{k+1}$ $V((S_{k+1}-T_{k+1})^{o})$ $karrow k+1$
1
$k$ $S_{k},$ $T_{k},$ $k=1,2,$ $\ldots$ , $0\in$ int $S_{1}$ w Sk–Tk.
$k=1,2,$ $\ldots$ , $0\in$ int $(S_{k}-T_{k})$ $S_{1}\subset X$ $\{z^{k}\}\subset X$
5 $S_{k}\subset X$ $B_{1}\subset B$ $\{w^{k}\}\subset B$ $B_{k}\subset B$.
$k=1,2,$ $\ldots$ , $T_{k}\subset C$ $(P_{k}),$ $(D_{k})$ (MP).
(DP)
$(P_{k})\{\begin{array}{ll}minimize g(x)subject tO X\in R^{n}\backslash i \text{ } (S_{k}-T_{k}).\end{array}$
$(D_{k})\{\begin{array}{l}maximize g^{H}(u)subject to u\in(S_{k}-T_{k})^{o}.\end{array}$
3 IAM 1 $x(k),$ $v^{k}$ $(P_{k})$ .
$(D_{k})$
$k$. $(S_{k}-T_{k})^{o}=\{u\in R^{n}:(u, z\rangle\leq 1\forall z\in V(S_{k}), \langle u, y)\leq 0\forall y\in-E(T_{k})\}$ .




5.1. (Yamada, Tanino and Inuiguchi [4])
$v\in R^{n}$ $\phi(x;v)$ $R^{n}$
5.1. (Yamada, Tanino and Inuiguchi [4])
IAM $k$ $v^{k}\in V((S_{k}-T_{k}))^{O}$ $(D_{k})$
$v^{k}\not\in$ int $x\circ$
5.2. (Yamada, Tanino and Inuiguchi [4])
IAM $k$ $S_{k}\subset X$
(i) $\phi(z^{k};v^{k})\leq 0$.
(ii) $z^{k}\in X$ .
52 $S_{1}\subset X,$ $w^{k}\in-C$ $T_{1}\subset-C$. $S_{1}-T_{1}\subset S_{2}-T_{2}\subset\cdots\subset S_{k}-T_{k}\subset\cdots\subset X-C$.. $(S_{1}-T_{1})^{o}\supset(S_{2}-T_{2})^{o}\supset\cdots\supset(S_{k}-T_{k})^{o}\supset\cdots\supset(X-C)^{o}$ .
. $f(x(1)) \leq f(x(2))\leq\cdots\leq f(x(k))\leq\cdots\leq\min(MP)$ .. $g^{H}(v^{1}) \geq g^{H}(v^{2})\geq\cdots\geq g^{H}(v^{k})\geq\cdots\geq\max(DP)$ .
5.2. (Yamada, Tanino and Inuiguchi [4])
IAM $k$ $\phi(z^{k};v^{k})=0$ $v^{k}\in X^{o}$
53.
IAM $k$ $(v^{k},w^{k}\rangle\leq 0$ $v^{k}\in(-C)^{o}$
$(v^{k},$ $w^{k}\rangle\leq 0$ $w^{k}$
$\forall y\in B,$ $\langle v^{k},y\rangle\leq 0$
$B$
$\forall x\in(-C),$ $y\in B,$ $\mu\geq 0s.t$ . $x=\mu y$
$\forall x\in(-C),$ $\langle v^{k},$ $x\rangle=(v^{k},$ $\mu y\rangle=\mu\langle v^{k},$ $y\rangle\leq 0$
$v^{k}\in(-C)^{o}$ $v^{k}\in(-C)^{o}$ $-C$
$\forall x\in(-C),$ $(v^{k},x\rangle\leq 0$
$B\subset(-C)$ $w^{k}$ $\langle v^{k},$ $w^{k}\rangle\leq 0$
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5.4. (Yamada, Tanino and Inuiguchi [4])
IAM $k$ $\phi(z^{k};v^{k})=0$ $\langle v^{k},w^{k}\rangle\leq 0$
(i) $v^{k}$ (DP)
(ii) $x(k)$ (MP)
IAM $k$ $x(k),$ $v^{k}$ (MP), (DP)
6
IAM
6.1. (Yamada, Tanino and Inuiguchi [4])
IAM $k$ $(D_{k})$ $v^{k}$ $\{v^{k}\}$
$\{v^{k}\}$
62.
IAM $k$ $(D_{k})$ $v^{k}$ $\{v^{k}\}$ $\overline{v}$
$\overline{v}\in(-C)^{o}$
$\{v^{k_{q}}\}\subset\{v^{k}\}$ $\overline{v}$ $w^{k_{q}}\in$ arg max$\{\langle v^{k_{q}}, y\rangle : y\in B\}$




$w\in Bs.t$ . $(\overline{v},w\rangle>0$ . (2)
$q$ $B_{k_{q}}\subset B_{k_{q+1}}$ $\langle v^{k_{q}},$ $w^{k_{q}}\rangle\geq 0$ $\lim_{qarrow\infty}\langle v^{k_{q}},$ $w^{k_{q}}\rangle=$
$\langle\overline{v},\overline{w}\rangle\geq 0$ $q’>q$ $v^{k_{q’}}\in(-T_{k_{l+1}})^{o}$ $\langle v^{k_{q}},w^{k_{q+1}}\rangle\leq 0$
$\lim_{qarrow\infty}\langle v^{k_{q}},w^{k_{q+1}}\rangle=\langle\overline{v},\overline{w}\rangle\leq 0$ $\lim_{qarrow\infty}(v^{k_{q}},w^{k_{q}}\rangle=\langle\overline{v},\overline{w}\rangle=0$
$0=( \overline{v},\overline{w}\rangle=\lim_{qarrow\infty}\langle v^{k_{q}},$ $w^{k_{q}}\rangle$
$= \lim_{qarrow\infty}\max\{(v^{k_{q}},$ $y\rangle$ : $y\in B\}$
$= \max\{\langle\overline{v},y\rangle;y\in B\}$
(2) $\overline{v}\in(-C)^{o}$
6.1. (Yamada, Tanino and Inuiguchi $[4|)$
IAM $k$ $(D_{k})$ $\{v^{k}\}$ $\overline{v}$
$\overline{v}\in(X-C)^{o}$
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6.2. (Yamada, Tanino and Inuiguchi [4])
IAM $k$ $(D_{k})$ $v^{k}$ $\{v^{k}\}$ $\overline{v}$
$\overline{v}$ (DP) $\lim_{karrow\infty}g^{H}(v^{k})=\max$ (DP)
6.3. (Yamada, Tanino and Inuiguchi [4])
IAM $k$ $(P_{k})$ $x(k)$ $\{x(k)\}$ $\overline{x}$





(OWES) (OWES) (MP) IAM
IAM $k$ $X$ $C$
$T_{k}$ (MP) $X-C$
$S_{k}-T_{k}$ (MP) (DP) $(X-C)^{o}$
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